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ABSTRACT 

This is the firsr study from Tutkey whete tadiolatians from calcareous 
sequences of the Sakarya Continent are tested in the delineation of the 
Jurassic-Cretaceous boundary. The Sakatya Continent, which comprises rhe 
southern parr of northwest Turkey, was a Jurassic-Early Cretaceous carbona¬ 
te platform micro-conrinenr distant from retrcstrial sediment influx. Jr was a 
site of pelagic carbonate deposition with abundant calcareous and siliceous 
microfossil input. Among 44 measured stratigraphic sections of the Jurassic- 
Lower Cretaceous deposits of the Sakarya Continent, four continuous sec¬ 
tions (MK. KEL, AQ, <^D) which encompass the Tithonian-Berriasian 
boundary wete selected for study. I lowever. due to poor preservation and 
calcification of radiolarian faunas, only section KEL produced rich and weil- 
preserved radiolarians. This section is 600 meters in thickness and spans the 
upper Tithonian-lower Berriasian interval. In addition to radiolarians, sec- 
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tion KEL contains abundant calpioncllids, calcareous nannofossils, benthic 
foraminifera and calcareous algae. The upper part of this stratigraphic section 
is made up of the Sogukqam Limestone which lithologically resembles the 
Biancone and Maiolica formations in the Umbria-Marchc Region of Italy. 
The best preservation and richest radiolarian faunas were observed from the 
Sogukgam Limestone in section KEL. This is significant because many radio¬ 
larian studies as well as studies on maguetostracigraphy, calcareous nannofos- 
sils and calpionellid biostratigraphy in the Tethyan realm have been carried 
out on the Biancone and Maiolica formations. The rapid sedimentation rate, 
pelagic microfacies and well preserved non-calcified radiolarian faunas make 
section KEL ideal for the investigation of the Jurassic-Cretaceous boundary 
with radiolarians. The correlation between radiolarian faunas and co-occur¬ 
ring calpionellids and calcareous nannofossils in section KEL can be compa¬ 
red with similar biostmtigraphic studies front the Biancone and Maiolica 
formations in Italy. 7'lie calcareous nannofossils in section KEL sometimes 
attain rock forming abundance, and the first appearance of nannoconids as 
well as their first abundance peak arc recognized in this section. Throughout 
the present study, the boundary between Calpionellid standard zones A and 
B is considered as the Tithonian-Berriasian boundary. The close sampling 
interval, 15-20 meters, provides excellent resolution in documenting the first 
occurrences of numerous Cretaceous radiolarian species. These first occur¬ 
rence datum points' lor radiolarian taxa are nor concurrent. Due to the refi¬ 
ned resolution of dating, a stepwise appearance ol Cretaceous radiolarian 
faunas in section KEL is clearly observed; however, radiolarians do not deli¬ 
neate the Jurassic-Cretaceous boundary because a marked synchronous- fau¬ 
nal turnover does nor exist. 


RESUME 

Etude biostratigraphique prelimitiatrc des radiolaires a trovers In limite juras- 
sique-cretace du nord-ouest de la Turquie. 

Cette etude est la premiere de Turquie on les radiolaires ont ere analyses 
pour decrire la limite jurassiquc-cretace dans des sequences calcaires du 
continent de Sakarya localise dins la pirtie sud de la Turquie nord-occiden- 
tale. Le comment de Sakarya a etc une plate-forme isolee dans le Jurassique 
et Crctace inferieur et un lieu de depot des carbonates pclagiques contenant 
des microfossiles calcaires et siliceux abondants. Earmi les 4-1 coupes strati- 
graphiques qui ont etc mesurees dans les depots jutassiques et cretaces du 
continem de Sakarya. quatre coupes (MK, KEL., AC. CD) traversant la limi- 
te tithonique-berriasien ont <5t<? choisics pour cctcc ftude, Neanmoiivs, a 
cause de la mauvaisc preservation er de la calcification vie la faune de radio¬ 
laires, seule la coupe KEL a produit des radiolaires bien preserves er abon¬ 
dants. L'epaisseur de cette coupe est de 600 metres pour I'intervalle du 
Tithonien superieur-Berriasien inferieur. En plus des radiolaires - , la coupe 
KEL conticnt en abundance des calpiolielles, des nannofossilcs calcaires, des 
foraminifercs benchiques cl des algues calcaires. La partie superieure de cette 
coupe est representee par le Calcairc dc Sogukcam qui rcsscmble par sa litho¬ 
logic aux formations de Biancone et Maiolica dans la region d'Ombrie- 
Marche, en Italic, La faune de radiolaires la plus riche et la mieux preservee a 
ete retrouvee dans le Calcaire de Sogukcam de la coupe KEL. Cette observa¬ 
tion est importante parce que plusieurs etudes sur les radiolaires comme sur 
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MOTS CLfiS 
Raiiiolaires, 
lirnite jurassique-cretace, 
Turquie du nnrd-nucst, 
calpionelles, 
nannofossiles ealcaires. 


la magnetostratigraphie et la biostnuigraphie des nannofossiles ealcaires er cal¬ 
pionelles, dans lc domaine de la IVtin's, out etc cITccttiees sur les fotmations 
de Biancone et Maiolica. Lc tans de sedimentation eleve, le microfacies pela- 
gique ct la faune de radiolaires non-calcifiee et bien preserve'e rendent la coupe 
de KEL ideale pour dec lire la lirnite jurassique-cretace avec les radiolaires. La 
correlation entre la faune de radiolaires et la presence conjointe de caipionellcs 
et de nannofossiles ealcaires dans le nieme materiel en Turquie peitr etre corn- 
parde avec les etudes biostratigraphiques similaires des formations de 
Biancone er Maiolica. Les nannofossiles ealcaires dans la coupe deviennenr 
parfois le constituam majeur de la roche et la premiere appatition des nanno- 
conides ainsi que lent premiere acme y ont ere reconnucs. La lirnite entre les 
zones standards des calpionelles A et B est consideree comme la lirnite du 
Tithonien et Bdrriasien dans cettc dtude. Lechantillonnage serre de 15- 
20 metres a loumi une resolution parlaite pour documenter la premiere appa¬ 
rition de plusieurs especes de radiolaires. Ces premieres apparitions ne sent 
pas simultanees. Grace a la resolution fine des durations par cchantillonnage 
serre, lapparition graduelle de la faune des radiolaires cretaces a ete neuement 
observee dans la coupe KEL ; neanmoins, les radiolaires ne decrivent pas la 
lirnite jurassique-cretace puisqu’un changenient synchronise important 
n’existe pas dans la faune de radiolaires. 


INTRODUCTION 

Radiolarians are diverse and abundant in Upper 
Jurassic-Lower Cretaceous secptences across the 
world. They have been studied intensively in the 
past thirty years from North America (Pessagno 
&: Bloine 1982, 1990; Pessagno et at. 1984; Yang 
& Pessagno 1989; Hull 1995, 1997). Europe 
and the Middle East (Baumgartner & Bernoulli 
1976; Baumgartner 1980, 1984, 1987; Steiger 
1992; Jud 1994; O'Dogherty 1994; 
Baumgartner et dl. 1995a; Kiessling 1995, 1996; 
Dumitrica et dl. 1997), Japan (Nakaseko &i 
Nishimura 1981; Aita N Okada 1986; Matsuoka 
& Yao 1986; Aita 1987; Matsuoka 1995a, b, c; 
Yang & Matsuoka 1997) 3itd southern high lati¬ 
tudes (Baumgartner 1992, 1993; Kiessling & 
Scasso 1996). 

The main purpose of this study is to compare 
radiolarian biostratigraphy with biozonations of 
calpionellids, calcareous nannofossils and other 
calcareous microfossils (e.g. algae and benthic 
foraminifera) across the Jurassic-Cretaceous 


boundary on samples from northwest Turkey, 
near Ankara. Our objectives are: (1) reporting 
the radiolarian assemblage from this boundary 
for the first time from Turkey; (2) investigating 
the chronostraugraphic ranges of our radiolarian 
faunas; (3) correlating our radiolarian biostrati¬ 
graphy with that of co-occurring calcareous 
microfossils. 

The study area is located in the southern part of 
northwest Turkey near the towns of Kozluca, 
Kabalar and Aktaij (Fig. 1) which lie northwest 
of Turkey’s capital, Ankara. Altincr et dl. (1991) 
studied the stratigraphy and paleogcographic 
evolution of this region where the Llpper 
Jurassic-Lower Cretaceous successions occupy 
approximately 120.000 square kilometers. 
Altiner et al (1991) measured 44 stratigraphic 
sections from these successions in which four 
sections were reported to contain radiolarians; 
These four sections are AG (by Akta^), KEL (by 
Kozluca), MK (by Kabalar) and GO (by The 
Ismet Pa:ja railway station) (Fig. 1). Among these 
four sections, only section KEL produced well 
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Fig. 1. — Geographic map of study area (modified after Altiner eta/. 1991) illustrating locations of radiolarian bearing stratigraphic 
sections (AQ, QD, KEL, MEK). 


preserved radiolarians. It is also the thickest of 
these four sections (600 m for the upper 
Tithonian and Berfia.sian interval) and provides 
superior resolution for marking the Jurassic- 
Cretaccous boundary due to its high to very high 
sedimentation rate. 

Within a tectono-st ratigraphic framework, the 
southern part of northwestern Turkey contains 
the deposits of a Mesozoic micro-continent, the 
Sakarya Continent (Fig. 2). The Sakarya 
Continent was a Jurassic-Cretaceous carbonate 
platform micro-continent amidst the branches of 
the Nco-Tcthys ($cngor fie Yilmaz 1981). During 
the Tithonlan-Bcrriasian interval, the Sakarya 
Continent was distant horn textesttial sediment 
influx and hence a site of carbonate deposition. 
This micro-continent rifted away from 
Gondwanaland in the Jurassic and moved north¬ 
ward to eventually collide with Eurasia 
(Rhodope-Pontide Fragment in Fig. 2) by the 
end of the L.ate Cretaceous (Ijengbr & Yilmaz 
1981). Today, rhe Sakarya Contineni is a parr of 
Turkey and bound to the Rhodope-Pontide 
Fragment in the north by rhe Intra-Ponride 
Suture and to the Tuuride and Kir§ehir Blocks in 
rhe south by the Izmir-Ankara Suture (Fig. 2). 
These suLures are ophiolue belts remaining Irom 
the closure of the branches of Neo-Tethys. 


LITHOLOGY 

Section KEL (600 meters in thickness) contains 
the Tithonian-Berriasian pelagic limestone depo¬ 
sits of the Sakarya Continent. The thickness of 
the section, its pelagic microfacics and rich 
mtcrofossil content of radiolarians, calpionellids, 
calcareous natinofossils, benthic foraminifera and 
calcareous algae, make it ideal for the examina¬ 
tion of the Jurassic-Cretaceous boundary. 
Calcareous tiantiofossils in this section occasio¬ 
nally attain rock-forming abundance. Located at 
Kozjuca, northwest o( Beypazarf. section KEL 
Consists ot the Yosunhikbayiri Formation in its 
lower portion (samples 24-36) and the 
Soguk^am Limestone in its tipper parr 
(samples 2-23) (Alriner et al. 1991) (Fig. 3). 

The Yosunlukhayiri Formation is a thick caldtur- 
biditic sequence. The upper part of this forma¬ 
tion, outcropping in section KEL, Ls composed 
of fine detritic limestones containing six distinct 
ulistostrome levels. The uppermost detritic 
limestone beds contain Znophycus as well as 
abundanr calpionellids and calcareous nnnnofos- 
sils (Altiner et itl. I99l;0z.kan 1993a, b). 

The Yosunlukhayiri Formation is gradually over- 
lain by the porcelaneous micrites of the Soguk^am 
Limestone in the area. The lower part of the 
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Fig 2 — Map of Turkey illustrating teclono-stratlgraphic units (modified after §engor 1984). SC, Sakarya Continent, RPF, Rhodope- 
Pontide Fragment; TB, Tauride Block; KB, Kir§ehir Block; EAAC, East Anatolian Accretionary Complex; AP, Arabian Plate. 


Sogukt^im Limestone (KEL 2-24) is characterized 
by thin, medium or thickly bedded, sometimes 
silicified, white to cream micritic limestones bea¬ 
ring chert nodules and intercalated with fine tur- 
bidite layers (Altiner et a l 1991). The Sogukpim 
Limestone lithologically resembles the Biancone 
and Maiolica formations, in the Umbria-Marchc 
Region in Italy (Farinacci et al. 1981a, b; Altiner 
et al. 1991). The Biancone and Maiolica forma¬ 
tions have been extensively studied lor calpionel- 
Iids, calcareous nannofossils and magneto¬ 
stratigraphy (e,g. Lowrie &: Chattncll 1983; Erba 
& Quadria 19S7; Channell et al, 1987, 1993) as 
well as for radiolarians (e.g. Baumgartner 1984; 
Jud 1994; O’Dogherty 1994). The strong litholo¬ 
gic similarity between the Sogulojam Limestone 
and the Maiolica and Biancone formations is due 
to their deposition in the same ocean, during the 
same time interval, and under similar conditions 
as submerged carbonate platforms disranc from 
terrestrial sediment influx (see Altiner ct al. 1991). 
For this reason the radiolarian biostraugraphy we 
present here and its correlation to calpionellid and 
calcareous nannofossil biozonations previously 
established for the same section (KEL) is signifi¬ 
cant as a correlative example from Turkey to the 
previous studies in Italy. 


THE JURASSIC-CRETACEOUS 
BOUNDARY 

The Jurassic-Cretaceous boundary is one of the 
mosr problematic system boundaries because the 
Tithonian docs not have a stratotype, the lower 
parts of the Bcrriasian tend to lack fossils in 
many parts ol Western Europe, and the bounda¬ 
ry does not correspond to any major faunal or 
floral turnover (Hoedcmaekcr 1987; Olofiz & 
Tavera 1989; Remane 1991; Pcssagno et al. 
1997). Ammonites (Kemper et al. 1981; 
Hoedemaekcr 1991), Buchia (Zakhanov 1987; 
Pessagno el al. 1987a. b; Hoedcmaekcr 1991; 
Pessagno el al. 1993), calpioncllids (Lc Hcgarat 
&C Remanc 1968; Allemann et al. 1971; Rcrnane 
1964, 1985, 1986; Remane et al. 1986; Cecca et 
al. 1989) and calcareous nannofossils (Tluersteiti 
1975; Cooper 1985; Bralower 1990; Bown & 
Ozkan 1992; Ozkan 1993a, b) have been utili¬ 
zed in biostratigraphically marking this bounda¬ 
ry. Ammonites, which are traditionally 
considered the bax'is ol standard and high resolu¬ 
tion biostratigraphy, become strongly provinciali¬ 
zed during rhe Tithonian-Berriasian interval. 
This provincialism creates problems in correla¬ 
tion between the Tethyan and Boreal realms 
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KEL Section 


ZONATION 


a 

O 

DC 


u 

< 

t- 

co 


a 

o 

re 

E 

o 

Ll_ 


_Q> 

Q. 

E 
re 
c n 


Lithology 

& 

Fossils 


C 

</) CO 
73 

•= N 

o-Ott 
c „ o> 
O °3 0> 


re c 
O S 
< 


re 

re Jr. t- 
oSo) 
0;§°> 
o<'~ 


W.2 „ 

3 re - 0 

o a> c _r 

re o re 
re 

O ^ 


co 

3 

O 

LD 

O 

< 

I- 

LU 

DC 

O 


CO 

< 

DC 

DC 

LJU 

CD 


<D 

C 

o 

CO 

a) 

E 


E 

co 

o 

Z3 

>o> 

o 

( 7 ) 



i|f- 

l l i r VnTS 




o 

co 

(7) 

< 

DC 

3 


03 

C 

o 

<0 

o 


-2 

*3 

O) 

c 

<0 

€ 

s 

.co 

: ^ 

• CL 
.O 

*0) 

c 

03 

a 

p 


O 

X 


co 

JD 


C 

Z3 

CO 

£ 



CO 

s 

o 

CJ 

J o 

: O 
CJ 

co 

CO 




.CO 

CO 

c 

03 

c 

§ 

o 

. £ 
- co 

•c 

.a 

I 


CO C 
33 C 

C co 
O p 
cj 5 
o-S 

C 03 

§» 
2? CO 


CO 

5 co 
3,3 
CO 

§1 
c -c: 
.o cj 


§S«v| Slope breccia or olistostrome 

Fine detritic limestone (calciturbidite) 


Ht! I Siliceous limestone 
I 1 H Porcelaneous limestone 


Trocholina U Calpionellidae Sponge spicule \>. Belemnite \ Saccocoma 
Chitinoidella Radiolaria Ammonite Aptycus Zoophycus 


Fig. 3. — Calpionellid, calcareous nannofossil, and benthic foraminifera and algae biozonations on stratigraphic section KEL. Rich 
radiolarian assemblages were recovered from the numbered samples in the figure. 
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(Jclctsky 1984; Zeiss 1984, 1986; Remane 1991; 
Pessagno et al. 1997). According to Pessagno et 
al. (1997) calpionellids are diachronous with 
longer ranging zones in North America than in 
Europe. However, since Turkey is located in 
Eurasia, and since calpionellid biozones are well 
established in Europe (Allemann et al. 1971, 
Trejo 1980; Remane el al. 1986; Altiner & 
Ozkan 1991; Pop 1994a,b; 1996; Grim & Blau 
1997), calpionellid zones are used to mark the 
boundary in this study. 

Le Hegarat & Remane (1968) placed the 
Jurassic-Cretaceous boundary within Calpionel¬ 
lid standard zone B in the stratotype of the 
Berriasian, For this reason, Altiner & Ozkan 
(1991) also placed the boundary in zone B in 
section KEL However, since the boundary bet¬ 
ween Calpionellid standard zones A and B also 
corresponds to the boundary between the 
Durangites and Ettxinus ammonite zones, the 
Jurassic-Cretaceous boundary was accepted as 
the limit between Calpionellid standard zones A 
and B at the Colloque (Anonymous 1975). and 
by Cecca et at. (1989). Other researchers 
(Jeletsky 1984; Channell & Grandesso 1987; 
Ozkan 1993b; Grim & Blau 1997) consider the 
limit between Calpionellid standard zones A and 
B as the Jurassic-Cretaceous boundary as well. 
On the other hand, Tavera et al. (1994) stated 
that the boundary between Durangites and Jacobi 
ammonite zones does not correspond to the limit 
between Calpionellid standard zones A and B in 
the Vocontiati Region (sec also Oloriz & Tavera 
1989) but rather to a level within Calpionellid 
standard zone A. We also consider the Jurassic- 
Cretaceous boundaty to correspond to the limit 
between Calpionellid standard zones A and B in 
section KE1. based on the consensus reached at 
the Colloque (1975) and many subsequent 
publications accepting this limit as the Jurassic- 
Cretaceous boundaty. Therefore, the limit bet¬ 
ween Calpionellid standard zones A and B in 
section KF.l. falls between samples 20 and 21 
(Fig- 3). 

The development of a magnetic polarity time 
scale for the Jurassic-Cretaceous boundary (Ogg 
& Lowrie 1986; Ogg et al. 1991) and the corre¬ 
lation of this time scale with biozonations of cal¬ 
careous nannofossils (Bralower et al. 1989), 


calpionellids (Channel Hi Grandesso 1987) and 
radiolarians (Jud 1994) are important advances 
in the multidisciplinary delineation of this boun¬ 
dary. According to Ogg (1992) the boundary is 
defined as the base of the reverse polarity chron 
M 18R and Bralower ct al. (1989) correlate the 
base of M 18R with the boundary between 
Calpionellid standard zones A and B. 

The following is a brief discussion on compari¬ 
son of radiojarian biozonations across the 
Jurassic-Cretaceous boundary from North. 
America (Pessagno 1977a; Pessagno et al. 1987a; 
Pessagno &r Blomc 1990; Pessagno et aL 1993; 
Hull 199 7), Europe (Baumgartner 1980, 1984, 
1987; Steiger 1992; Jud 1994; Baumgartner et 
al. 1995b; Dumitrica et al. 1997) and Japan 
(Matsuoka & Yao 1986; Aita 1987; Matsuoka 
1995a, b, d; Yang & Matsuoka 1997) which 
illustrates problems of provincialism and dia- 
chroneity among radiolarians: 

North America. Originally the top of zone 4 was 
defined as the Jurassic-Cretaceous boundary 
(Pessagno 1977a; Pessagno et al. 1984, 1987b, 
1993; Pessagno & Mizutani 1992). Recently the 
uppermost part o( .stibzone 4a has been revised 
and is considc red to belong to the Lower 
Cretaceous (Berriasian). This boundary within 
subzone 4a coincides with the tops of the 
Durangites (ammonite) and the Buchia piochii 
zones (bivalve) (Pessagno et al. 1997). It should 
be noted here that originally Pessagno (1977a) 
and subsequently Pessagno et al. (1984, 1987b, 
1993) considered the last occurrences of Ristohi 
altissima and Ristola p roc era (primary marker 
taxa) for defining the top of zone 4 (and 
subzone 4a). Parvicingula colemani becomes 
extinct slightly below this level. The datum 
where Parvicingula colemani becomes extinct falls 
within the Pse u do dirty am itra carpatica zone of 
Japan (Yang& Matsuoka 1997). 

Europe. Baumgartner et al. (1995b) utilize uni¬ 
tary associations-among radiolarian taxa to 
construct radiolarian biozones (UAZ 95)- Each, 
biozone is defined by a group of radiolarian taxa 
that only co-occur in that zone. When UAZ 95 
is compared with North American zones 
(Pessagno ct al. 1993), diachronism between the 
zones is evident. Discrepancies between first 
appearance data of some taxa between Europe 
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Fig. 4. — Chronostratigraphic distribution of radiolarian fauna in section KEL. Symbols on stratigraphic section are the same as in 
Fig. 3. 


and North America as well as radiolarian provin¬ 
cialism during the Late Jurassic-Early Cretaceous 
interval hamper the correlation of radiolarian 
biozones becvveen North America and Europe; 
however, in some recent studies this correlation is 
becoming increasingly closer (Hull 1997). 

Japan. The evolutionary first appearance of 
Pseudodictyomitra carpatica from Loopus prirnhi- 
vus (= Pseudodictyomitra primitives) defines the 
boundary between the Loopus primilitnis and 
Pseudodictyomitra carpatica zones. This boundary' 
is in the latest Tithunian and it is approximately 
one million year older than the Jurassic- 
Cretaceous boundary in both Japanese Island 
sections and in the western Pacific deep ocean 


basin (Matsuoka 1995a, b; Yang & Matsuoka 
1997). 

RESULTS AND DISCUSSION 

Section KEL was previously studied for its cal- 
pionellids (Alriner & Ozkan 1991), calcareous 
nannofossils (Ozkan 1993a. b) and benthic fora- 
minifera and calcareous algae (Altincr 1991), In 
the present study, we compare these previously 
established zonations for the same section wirh 
our radiolarian biosrratigraphy. Section KEL was 
reported to contain abundant radiolarians in 28 
of 40 samples from thin section examinations 
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(Ozkan 1993a). However, well-preserved and 
rich radiolarian faunas could only be obtained 
from the upper part of the section that corres¬ 
ponds to the Soguki^am Limestone in section 
KEL. In the lower part of the section radiolarian 
preservation is poor and hence recovery is very 
low. Radiolarians are recovered from samples in 
section KEL assigned to Calpionellid .standard 
zones A2 (KEL 23-26), A3 (KEL 20-24), B 
(KEL 19-5) and C (above KEL 4) (Altincr & 
Ozkan 1991) (Fig, 3). AJtiner St Ozkan (1991) 
also report the presence of Duvalin titbonica 
(belemnite) in subzonc A2 whose range is known 
to be from late Tithorsian to early Bcrriasian 
(Etiximis zone). We wilt first discuss calcareous 
microfossil biostratigraphy for section KEL. 

BlOSTRATIGRAPHY OF CO-OCCURRING 
CALCAREOUS MICROFOSSILS 
The Jurassic-Cretaccnus boundary is considered 
as the boundary between Calpionellid standard 
zones A and B which corresponds to the location 
between samples 20 and 21 in section KEL 
(Fig. 3). This boundary falls within the upper 
part of the Microstaurus cbiastius calcareous nan- 
nofossil zone in section KEL and It Is impossible 
to delineate with Altiner’s (1991) foraminiferal 
and algal zonation where his Protopeneroplis tro- 
chantulata zone (zone III) transgresses the boun¬ 
dary (Fig. 3). 

Radiolarian BiosTRAncRAPf iy 
Due to the poor preservation of radiolarians in 
the fine detritic limestones of the Yosunlukbayiri 
Formation, the initial occurrences of the majori¬ 
ty of Cretaceous radiolarians in section KEL 
begin neat the base of the Soguk^am Limestone. 
In section KEL, the firsrappearance of nannoco- 
nids as a group is observed in sample KEL 21 
(Fig. 4) from which well-preserved radiolarians 
could not be extracred. The Jurassic-Cretaceous 
boundary corresponds to the first occurrences of 
Dicerosaturnalis dicranacanthos, Deviatus diam- 
pbidius , Pyramispongia barmstemensls , Acaeniotyle 
diaphorogona, Archaeodictyomitra apiarium, 
Tbamvia sp., Hnlesium (?) sp., Emiluvia pessa- 
gnoi and Alievium nndulusum in this section. 
Also, the first occurrences of Sditoum sp., 
Angulobraccbia portmanni s.I., Acanthocircus mul- 


tidentatus. Beats triangulacentnim, Trinctorna 
tithoninnurn and Tethyseltn cnlumna correspond 
to the first peak in nannoconid abundance as 
defined by Ozkan (1993a, h) (Fig. 4) in section 
KEL. As a general pattern, the initial occurrences 
of Cretaceous radiolarians throughout the sec¬ 
tion arc not abrupt, but stepwise, emphasizing 
that a major radiolarian fauna! turnover does not 
exist across the Jurassic-Cretaceous boundary in 
northwest Turkey.. 

The chronostratigraphic distribution of radiola¬ 
rian taxa within section KEL (Fig. 3) does not 
comply with any of the established radiolarian 
zonations in North America or Japan. This is 
due to the lack of biosttatigraphically index spe¬ 
cies such as Psrudodktyomitrn caipatica, Ristola 
procera or Parricittgitla colernani in out samples. 
The taxa we describe herein (e.g. Alievium regu¬ 
lars, Dicerosaturnalis dicranacanthos, Mirifiusns 
dianae, Ti-tbysetta boesii, Deviatus diampbidius, 
Pantanellium berridsianutn, Hsutttn raticostatum) 
enables us to correlate section KEL with Jud’s 
(1994) biozonc D2 and UAZ 95 zones 13 and 
14 (Baumgartner etal. 1995a). 


SYSTEMATIC MICROPALEONTOLOGY 

The supra-generic classification for radiolarians is 
based on, for the most part, Dumitrica’s (1995) 
classification. The synonymy lists contain only a 
few representative studies. 


Subclass RADIOLARIA Muller, 1858 
Order POLYCYSTINA Ehrenberg, 1838 
emend. Riedel, 1967 

Suborder NASSELLARIA Ehrenberg, 1875 
Family ARCIIA FODICTYOMITRI DA E 
Pessagno, 1976 

Genus Archaeodictyomitra Pessagno, 1976 

Arcbaeodictyomitra apiarium (Rust, 1885) 
(Fig. 5B) 

Lithocampe apiarium Rust, 1885 (fide Jud, 1994): 
314, pi. 39 (14), fig. 8. 
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Fig. 5. — A Hsuum rancostatuni Jud (KEL 18 ); B. Archaeodictyomitra apiarium Koctier (KEL 7); C Archaeodictyomitra sp. cf. 
A. minoensis (Mlzutani) (KEL7); D, Thanarla sp. (KEL 16); E, Stlchocapsa sp. aft. S. altiforamina Tumanda (KEL 4); F, SviniUium 
depressum (Baumgartner) (KEL 20); G, Tethysetta sp. cf T boesii (Parana) (KEL 18); H. Tetliysetta columna (Rust) (KEL 16); 
I, Mirilusus dianae (Karrer) (KEL 17); J, Ristola altisslma altissima (Rust) (KEL 18); K, Tethyseita ovoldala Dumltrica (KEL 11); 
L, Loopus yangi Dumitrica (KEL 25). Scale bar; A, 55 pm; B, E, K, 45 pm; C, H, 65 pm; D, G, 40 pm; F, 50 pm; I, 120 pm; J, 75 pm; 
L, 70 pm. 
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Archaeodictyomitra apiara — Pessagno ]977a-' 4l, pi. 6, 
figs 6, 14. - Baumgartner 1984: 758. pi. 2 figs 5-6. 
Archaeodictyomitra apiarium — Kochcr 1981 {fide Jud, 
1994): 56( pi. 12, fig. 13- - Jud 1994: 62, pi. 3, 
figs 10, 11. - Baumgartner et al. 1995a: 98, pi. 3263, 
figs 1-7(H). — Dumicrica et al., 1997: 38, pi. 7, fig. 7. 

Occurrence. — Samples KEL 5-20: from Jurassic- 
Cretaceous boundary to boundary between 
Calpionellid standard zones B and C. 

Archaeodictyomitra sp. 
cf. A. miitoensis (Mizutani, 1981) 

(Fig. 5C) 

Occurrence. — Samples KEL 5-7; from upper por¬ 
tion of Calpionellid standard zone B to boundary bet¬ 
ween zones B and C. 

Genus Thanarla Pessagno, 1977b 

Thanarla sp. 

(Fig. 5D) 

OCCURRENCE. — Samples KEL 7-20; front Jurassic- 
Cretaceous boundary to upper part of Calpionellid 
standard zone B. 

Family HSUU1DAE Pessagno & Whalen, 1982 
Genus Hsitum Pessagno, 1977a 
emend. Takemura, 1986 

Hsitum raricostatum Jud, 1994 
(Fig. 5A) 

Hsitum raricostatum Jud, 1994: 81, pi. 12. figs 3-5, — 
Baumgartner et al. 1995a: 286, pi. 3591, figs 1-3. - 
Dumitrica et al. 1997: 46, pi. 10, fig. 1. 

OCCURRENCE. — Sample KEL 18; in Calpionellid 
standard zone B. 

Family Parvicingui.idae Pessagno, 1977a 
Genus Mirifusus Pessagno, 1977a 

Mirifusus dianae (Karrer, 1867) 

(Fig. 51) 

Lagena dianae Karrer, 1867 {fide Jud, 1994): 365, 
pi. 5, figs 8a, b. 

Mirifusus dianae - Dumitrica & De Wever 1991: 
553-557, figs 1, 2a, b. - Dumitrica et al. 1997: 52, 
pi. 11, fig. 8. 


Mirifusus dianae minor — Baumgartner 1984: 772, 
pi. 5, figs 11, 14. - Jud 1994: 84, pi. 13, fig. 2. - 
Baumgartner et al. 1995a: 314, pi. 3286, figs 1-5. 

OCCURRENCE. — Sample KEL 17: in Calpionellid 
standard zone B. 

Genus Ristola I’essagno & Whalen, 1982 
emend. Baumgartner, 1984 

Ristola altissima altissima 
(Rust, 1S85) 

(Fig. 5J) 

Lithocampe altissima Rust, 1885 {fide Pessagno, 
1977a): 315 (45), pi. 40, fig. 2. 

Parvicingula altissima — emend, Pessagno 1977a: 85, 
pi. 8, figs 9-10. 

Ristola altissima (Rust) — Baumgartner 1984: 783, 
pi. 8, fig. 3, nan figs 4, 9. — Dumitrica et al. 1997: 52, 
pi. 11, fig. 5, 17. 

Ristola altissima altissima - Jud 1994: 101, pi. 19, 
fig. 1. - Baumgarrner et al. 1995a: 472, pi. 3241, 
figs 1 -5(H). 

OCCURRENCE. — Sample KEL 18; in Calpionellid 
standard zone B. 


Genus Svinitzium Dumitrica, 1997 

Svinitzium depressant 
(Baumgartner, 1984) 

(Fig. 5F) 

Pseudodictyomitra depressum Baumgartner, 1984: 782, 
pi. 8, figs 2,7, 8. 11. 

Wntnatllinm depressum — Baumgartner et al. 1995a: 
632, pi. 3284, figs 1-5. 

Svinitzium depressum - Dumitrica et al. 1997: 53, 
pi. 11, figs II, 17. 

Occurrence. — Samples KEL 7-23; from 
Calpionellid standard zone A subzone 3 to zone B. 


Genus Tcihysctta Dumitrica, 1997 

Tethysetta sp. cf. T. boesii 
(Parona, 1890) 

(Fig. 5G) 

OCCURRENCE. — Sample KEL 18; in Calpionellid 
standard zone B. 
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Remarks 

The broken nature of the specimen makes a positive 
assignment of the present species to T. boesii difficult. 

Tethysetta columna (Riist, 1898) 

(Fig. 5H) 

Lithociimpe columna Riist, 1898: 63. pi. 18, fig. 5. 
Parvicingula columna -Jud 1994: 116, pi. 23, fig. 17. 
Tethysetta columna — Dumitrica etal. 1997: 49, pi. 11, 
figs 13-15. 

Occurrence. — Sample KEL 16, in Calpionellid 
standard zone B. 

Remarks 

This species differs from WrangeIlium columna- 
rium Jud, 1994 by having three rows of pores per 
chamber. 

Tethysetta ovoidala Dumitrica, 1997 
(Fig. 5K) 

Tethysetta ovoidala — Dumitrica etal. 1997: 50, pi. 50, 
figs 21, 22. 

OCCURRENCE. — Sample KEL 11; in Calpionellid 
standard zone B. 

Family PSEUDODICTYOMITRIDAE 
Pessagno, 1977b 
Genus Loopus Yang, 1993 

Loopus yangi Dumitrica, 1997 
(Fig. 5L) 

Loopus yangi — Dumitrica et al. 1997: 31, pi. 5, figs 8, 
9. 

OCCURRENCE, — Sample KEL 25, Calpionellid stan¬ 
dard zone A subzone 2. 

Family ThEORURIDAE Haeckel, 1881 
emend. Riedel, 1967 emend. Takemura, 1986 
Genus Stichocapsa Haeckel, 1881 

Stichocapsa sp. cf. S. altiforamina 
Tumanda, 1989 
(Fig. 5E) 

Occurrence. — Sample KEL 4; just below the 
boundary between calpionellid zones B and C. 


Family SETHOCAPSlDAk Haeckel, 1881 
Genus Gongylothorax Foreman, 1968 
emend. Dumitrica, 1970 

Gongylothorax sp. 

(Fig. 6E) - 

Occurrence. — Sample KEL 25; in Calpionellid 
standard zone A subzone 2. 

Genus Sethocapsa Haeckel, 1881 

Sethocapsa funatoensis Aita, 1987 
(Fig. 6A) 

Sethocapsa funatoensis Air.), 19S7: 73, pi. 2, figs 6a-7b; 
pi. 9, figs 14-15. — Baumgartner et al. 1995: 494, 
pi. 3070. figs 1-5(11). 

Zhnmoideltum funatoensis — Hull 1997: 132, pi. 38, 
figs 13, 15. 

OCCURRENCE. — Sample KEL 7; in the upper part of 
Calpionellid standard zone B 

Sethocapsa leiostraca Foreman, 1973 
(Fig, 6D) 

Sethocapsa leiostraca Foreman, 1973: 268, pi. 12, 
figs 5-6. — Jud 1994: 105, pi. 20, fig. 5. - 
Baumgartner etal. 1995a: 498, pi. 3062, figs 1 -5(H). 

OCCURRENCE. — Sample KEL 14; in Calpionellid 
standard zone B 

Family SpONCOCapsulidae 
P essagno. 1977a 

Genus Obesacapsula Pessagno, 1977a 

Obesacapsula cetia (Foreman, 1973) 

(Fig. 6B) 

Sethocapsa cetia Foreman, 1973: 267, pi. 12, fig. 1; 
pi. 16, fig. 19. 

Obesacapsula cetia - Baumgarrner 1992 : 325, pi. 12, 
fig. 1. - Jud 1994: 87, pi. 13, fig. 11. - Baumgartner 
etal 1995a: 342, pi. 3203, figs 1-4(H). 

Occurrence. — Samples KEL 7-23; from 
Calpionellid standard zone A subzone 3 to upper part 
of zone B. 

Family WlLURlEDELLlDAE Dumitrica, 1970 
Genus Cryptamphorella Dumitrica, 1970 
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Fig. 6. — A Sethocapsa tunatoensis Aita (KEL 7); B. Obesacapsula celia (Foreman) (KEL 23). C, Tncolocapsa sp. (KSL 25). 
D. Sethocapsa leiostraca Foreman (KEL 14); E, Gongylothorax sp. (KEL 25); F, Cryptainphorella sp. (KEL 25); G, Tncolocapsa 
campana Kiessling (KEL 18); H, Zhamoidellum sp. cf. Z ventricosum Dumitrica (KEL 18); I, Deviatus diamphidius (Foreman) 
(KEL 20); J, Deviatus diamphidius (Foraman) (KEL 16), K, Praeconosphaera sphaeroconus (HUst) (KEL 18); L, Acaeniotyle diapho- 
rogona Foreman (KEL 16); M, Acaeniotyle diaphorogona Foreman (KEL 16); N, Triactoma tithonianum Rust (KEL 16). Scale bar: A, 
D, 65 pm; B, L, 100 pm; C, E, F, G, 35 pm; H, 40 pm; I, K, 60 pm; J, 75 pm; M, 80 pm; N, 105 pm. 


GEODIVERSITAS • 1999 * 21 (4) 


727 






Mekik F. A., Ling H. Y., Ozkan-Altiner S. & Altiner D. 


Cryptamphorella sp. 

(Fig. 6F) 

Occurrence. — Sample KEL 25; in Calpionellid 
standard zone A subzone 2. 

Genus Tricolocapsa Haeckel, 1881 

Tricolocapsa camp ana Kiessling, 1995 
(Fig. 6G) 

Tricolocapsa campana Kiessling, 1995: 338, figs 7/1-4 

Occurrence. — Sample KEL 18; in Calpionellid 
standard zone B. 

Tricolocapsa sp. 

(Fig. 6C) 

OCCURRENCE, — Sample KEL 25; Calpionellid stan¬ 
dard zone A subzone 2. 

Genus Zhamoidellum Dumitrica, 1970 

Zharnoidellum sp. cf. Z. ventricosum 
Dumitrica, 1970 
(Fig. 6H) 

Occurrence. — Samples KEL 14-18; in 
Calpionellid standard zone B. 

Family Poui.l'IDAt De Wever, 1981 
Genus Saitoum Pessagno, 1977b 

Saitomn sp. 

(Fig. 7K) 

OCCURRENCE. — Sample KEL 16-2; from middle of 
Calpionellid srandard zone B to zone C. 

Family AMPHIPYNDACIDAE Riedel, 1967 
Subamily SYR1NC.OCAP5INAE 
Foreman, 1973 

Genus Podobursa Wisniowski, 1888 

Podobursa sp. 
cf. P. multispina Jud, 1994 
(Fig. 7L) 

Occurrence. — Samples KEL 2-18; from 
Calpionellid standard zone B to zone C. 


Remarks 

Poor preservation prevents the positive identifi¬ 
cation of this form as Podobursa multispina. 

Podobursa polyacantha (Fischli, 1916) 

(Fig. 7H) 

Tbeosyringium acanthopbomm Rust var. polyacanthus 
Fischli, 1916 {fide Baumgartner et al., 1995a); 47, 
fig. 41 

Podobursa polyacahtbd — Baumgartner et al. 1995a: 
424, pi. 3174, figs 1-4(11). 

OCCURRENCE. - — Sample KEL 7; in upper part of 
Calpionellid standard zone B. 


Suborder SPUMELLARIA F.htenberg, 1875 
Superfamily Ad IN QM MACEA Haeckel, 1862 
Family Leugonidac Yang & Wang, 1990 
emend. Dumitrica. 1995 
Genus Acaeniotyle Foreman, 1973 

Acaeniotyle diapborogona 
Foreman, 1973 
(Fig. 6L, M) 

Acaeniotyle diapborogona Foreman, 1973: 258, pi. 2, 
figs 2-5. - Thurow 1988: 396, pi. 9, fig. 8. - 
Baumgartner et al 1995a: 50, pi. 3090, figs 1-6. 

OCCURRENCE. — Samples KEL 5-20; from the 
Jurassic-Crctaceous boundary to upper part of 
Calpionellid standard zone B. 


Genus Praeconosphaera Yang, 1993 

Praeconosphaera spbaeroconus 
(Rust, 1898) 

(Fig. 6K) 

Conospbaera spbaeroconus Riist. 1898: 13, pi. 4, fig. 8. 
Praeconosphaera spbaeroconus - Yang 1993: 105, 
pi. 17, hgs 2, 6, 12, 16, 23. — Dumitrica et al. 1997: 
2L, pi. 3, fig. 3. 

Occurrence. — Samples KEL 7-23; from 
Calpionellid srandard zone A subzone 3 to upper part 
of zone B. 

Family PANTANELLIIDAE Pessagno, 1977a 
emend. Pessagno & Blome, 1980 
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Fig. 7. — A Dicerosaturnalis dicranacanthos (Squinabol) (KEL 16); B Dlcerosaturnalis dicranacanthos (Squinabol) (KEL 7). 
C, Acanthocircus sp. aff. A. minimus (Squinabol) (KEL 2); D, Acanthocircus mullidentatus (Squinabol) (KEL 7); E, Pantanellium ber- 
riaslanum Baumgartner (KEL 16); F, Pantanellium sp. (KEL 18); G, Archaeospongoprunum patrickl Jud (KEL 20); H. Podobursa 
polyacantha (Fischli) (KEL 7); I, Emiluvia omanensis Kiessling (KEL 16); J, Emiluvia pessagnoi Foreman (KEL 20); K, Saitoum sp. 
(KEL 5); L, Podobursa sp. cl. P. multispina Jud (KEL 18). Scale bar: A, 70 pm; B, 160 pm; C, 105 pm; D, 95 pm; E, 50 pm; F, H, 
60 pm: G, 90 pm; I, L. 80 pm; J, 155 pm; K, 35 pm 
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Subfamily PaNTANELLIINAE 
Pessagno, 1977a 
emend. Pessagno & Blome, 1980 
Genus Pantanelliuni Pessagno, 1977a 
emend. Pessagno & Blome, 1980 


Emiluvia omanensis Kiessling, 1995 
(Hg. 7!) 

Emiluvia omanensis Kiessling, 1995: 330, figs 6/5-8. - 
Dumitrica et at. 1997: 27. pi. 4. figs 2, 4. 


Pantanelliuni berriasianum 
Baumgartner, 1984 
(Fig. 7E) 

Pantanelliuni (?) berriasianum Baumeartner, 1984: 
776-777, pi. 6, figs 14-15. 

Pantanelliuni berriasianum — Jud 1994: 89, pi. 15, 
figs 5-6, - Baumgartner et ai 1995a: 368, pi. 3280, 
figs l(H)-2. 


Occurrence. — Samples KEL 7-16; in Calpionellid 
standard zone B. 


Emiluvia pessagnoi Foreman, 1973 

(Fig- 7J) 


Emiluvia pessagnoi Foreman, 1973: 262, pi. 8, fig. 6. 
Emiluvia pessagnoi s. I. - Jud 1994: 77, pi. 10, figs 1, 
2. - Baumgartner et aL 1995a: 206, pi. 3066, figs 1, 
2 . 


OCCURRENCE. — Samples KEL 7-17; from lower to 
upper part of Calpionellid standard zone B. 


OCCURRENCE. — Samples KEL 20-21; on Jurassic- 
Cretaceous boundary. 


Pautanelliutn sp. 

(Fig. 7F) 

OCCURRENCE. — Samples KEL 2-25; from 
Calpionellid standard zone A subzone 2 to zone C. 

Remarks 

Poor preservation hinders further identification 
of this specimen. 

Family XlPHOSTYLiDAE Haeckel, 1881 
emend. Pessagno & Yang, 
in Pessagno et aL, 1989 
Genus Triaclama Rust, 1885 

Triactoma titbonianum Rust,. 1885 
(Fig. 6N) 

Triactoma titbonianum Riist, 1885 (fide Baumgartner 
eta/., 1995a): 289, pi. 28, fig. 5. - Jud 1994: 115, 
pi. 23, figs 10-11. — Baumgartner et al. 1995a: 52, 
pi. 3097, figs 1-3 (H) 

OCCURRENCE. — Sample KEL 16; ill Calpionellid 
standard zone B. 

Superfamily Pyi.ONIaC.KA Haeckel, 1881 
emend. Dumitrica, 1989 
Family Orbiculiformidaf. Pessagno, 1973 
emend. Dumitrica, 1995 
Subfamily Emiluvunae Dumitrica, 1995 
Genus Emiluvia Foreman, 1973 


Family TlUTRAB iDAE Baumgartner, 1980 
Genus Deviatus Li, 1986 

Deviatus diamphidius (Foreman, 1973) 
(Fig. 61, J) 

Paronaelta (?) diatnphidia Foreman, 1973: 262, pi. 8, 

figs 3,4. 

ForemaneUa diamphidia Baumgartner 1984: 765, 
pi. 6, fig. 18. 

Deviatus diamphidius — O’Dogherty 1994: 345, 
pi. 64, fig. 14. - Dumitrica et al. 1997: 28, pi. 4, 
fig. 3. 

Deviatus diamphidius diamphidius — Baumgartner et 
ai 1995a: 172, pi. 3112, figs 1-6(11). 

OCCURRENCE. — Samples KEL 2-20; from lower part 
of Calpionellid standard zone B to zone C. 


Genus Tritrahs Baumgartner, 1980 

Tritrabs eivingi gr. (Pessagno, 1971) 

(Fig. 8B) 

Paronaella (?) ewingi Pessagno, 1971: 47, pi. 19, 
figs 2-5. 

Tritrabs ewingt s.L — Baumgartner et al. 1995a: 606, 
pi. 3113. figs 1-8(11). 

Tritrabs eunngi gr. —Jud 1994: 116, pi. 23, figs 12-13. 
Tritrabs ewingi Dumitrica et al. 1997: 27, pi. 4, 
fig. 1. - Hull 1997: 4, pi. 19, fig. 9, 12. 

Occurrence. — Samples 2-7; from upper part of 
Calpionellid standard zone B to zone C. 
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Fig. 8. — A, Haiesium sexangutum Pessagno sensu Steiger (KEL 7); B, Tritrabs ewinglgt. (Pessagno) (KEL 18); C, Haleslum irre¬ 
gularis Steiger (KEL 16); D, Angulobracchia (?) portmannl s.l. Baumgartner (KEL 16); E, Haiesium (?) sp (KEL 20); F, Paronaella (?) 
sp. cf. P. tubulala Steiger (KEL 7); G. Paronaella (?) sp. ct, P, lubulata Steiger (KEL 7): H, Pyramispongia barmsleinensis (Steiger) 
(KEL 20); I, Paronaella (?) lubulata Steiger (KEL 7); J, Becus triangulocentrum Dumitrica (KEL 16); K, Alievium nodulosum 
Dumitrica (KEL 20); L, Alievium regulare (Wu & Li) (KEL 18). Scale bar; A, 120 pm; B, 155 pm; C, 85 pm; D, 145 pm; E, 110 pm; F, 
90 pm; G, J, 75 pm; H. I, K, L. 65 pm; K, 105 pm 
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S uperfam ily Sa'I U RNAUACEA 
Deflandre, 1953 

Family SATURNAl.IDAE Deflandre, 1953 
Subfamily Saturnaunaf, Deflandre, 1953 
Genus Acanthocircus Sqliinabol, 1903 


Acanthocircus inultidentatus 
(Squinabol, 1914) 

(Fig. 7D) 

Saturnalis rnuhidcntutus Squinabol, 1914; 298, pi. 23 
[4], figs 11, 12. 

Acanthocircus muitidmtams - Pessagno 1977b: 32, 
pi. 2, figs 15, 20. - O’Dogherty 1994: 255, pi. 44, 
figs 7-10. 

OCCURRENCE. — Samples KEL 7-16; from lower to 
upper pari of Calpionellid standard zone B. 

Acanthocircus sp. 
aff. A. minimus (Squinabol, 1914) 

(Fig. 7C) 

Occurrence. — Samples KEL 2-23: from 
Calpionellid standard zone A subzone 3 to zone C. 

Remarks 

Our specimen differs from A. eilipticus 
(Squinabol, 1903) and A. bhpinus (Yao, 1972) 
by its smaller size and narrower ring. It more clo¬ 
sely resembles A. minimus (Squinabol, 1914) 
although it has a more rectangular outline and 
flatter ring. 

Genus Dicerosaturnalis 
Dumitrica & Jud, 1997 


Dicerosaturnalis dicranacantbos 
(Squinabol, 1914) 

(Fig. 7A, 13) 

Salurnalis dicrdnacantbos Squinabol, 1914: 289, 
pi. 22, figs 4-7; pi. 23, fig. 8. 

Acanthocircus dicranacantbos — Foreman 1975: 610, 
pi. 2D, figs 5-6. - Hull 1997: 29, pi. 9, fig. 3, 4. 
Acanthocircus trizonalh dkmmatnthos — Baumgartner 
etal 1995a: 72, pi. 3087, figs 1-8(H). 
Dicerosaturnalis dicranacanthos - Dumitrica ct al. 
1997: 18, pi. 1, Fig. 15. 


OCCURRENCE. — Sample KEL 2-21; from Jurassic- 
Cretaceous boundary to Calpionellid standard 
zone C. 

Superfamily SrONGODlSCACEA 
Haeckel, 1862 

Family C AVAS PONG I DAE Pessagno, 1973 
Genus Pyramispongia Pessagno, 1973 

Pyram ispotigia barmsteinensis 
(Steiger, 1992) 

(Fig. 8H) 

Nodotetraedra barmsteinensis Steiger, 1992: 33, pi. 4, 
figs 9-14. 

Pyramispongia barmsteinensis — Baumgartner et al. 
1995a: 464, pi. 6109, figs 1-4. — Dumitrica et al. 
1997: 26, pi. A. fig. 12. 

Occurrence. — Samples KEL 2-20; front Jurassic- 
Cretaceous boundary to Calpionellid standard 
zone C. 

Family PaTULIBRACCUJDAE Pessagno, 1971 
emend. Baumgartner, 1980 
Genus Angulo bra cchia Baumgartner, 1980 

Angulobraccbia (?) portmanni s.l. 
Baumgartner, 1984 
(Fig. 8D) ' 

Angulobracchia (?) portmanni Baumgartner, 1984: 
757, pi. 2, fig. 3. 

Angulobracchia (?) portmanni s.l. — Baumgartner et al. 
1995a: 88, pi. 6121, figs 1-4. 

Angulobracchia (?) portmanni - Dumitrica ct al. 1997: 
30. pi. 4, fig. 16. 

Occurrence, — Samples KEL 7-16; from lower to 
upper part of Calpionellid srandard zone B. 

Genus Halesiurn Pessagno, 1971 
emendl Baumgartner, 1984 

Halesiurn sexangtdum 
Pessagno, 1971 sensu Sreiger, 1992 
(Fig. 8A) 

Halesiurn sexangulum Pessagno, 1971: 25, pi. 1, figs 5- 
6; pi. 2, figs 1-6. — Sreiger 1992: 47, pi. 11 figs 1,2. 

Occurrence. — Samples KEL 2-7; from upper part 
of Calpionellid standard zone B to zone C. 
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Halesium irregularis 
Steiger, 1992 
(Fig. 8C) 

Halesium irregularis Steiger, 1992: 47, pi. 11, figs 3-5. 

OCCURRENCE. — Sample KEL 16; in Calpionellid 
standard zone B. 

Halesium (?) sp. 

(Fig. 8E) 

OCCURRENCE. — Samples KEL 9-20; front Jurassic- 
Cretaceous boundary to upper part of Calpionellid 
standard zone B. 


Genus Paronaella Pessagno, 1971 
emend. Baumgartner, 1980 

Paronaella (?) tubnlata 
Steiger. 1992 
(Fig. 81) 

Paronaella (?) tabu lata Steiger, 1992: 45, pi. 10, 
fig. 10. - Jud 1994: 91, pi. 15, figs 18-19. - 
Baumgartner et at 1995a: 400, pi. 5183, figs 1-5 (H). 

OCCURRENCE. — Samples KEL 2-7; front upper part 
of Calpionellid standard zone B to zone C. 

Paronaella sp. 

cf. P. (?) tubnlata Steiger, 1992 
(Fig. 8F, G) 

OCCURRENCE. — Samples KEL. 2-7; from upper part 
of Calpionellid standard zone B to zone C. 

Family I’SEUDOAULOPHACIDAE Riedel, 1967 
emend. Duntitrica, 1997 
Genus Al'tevium Pessagno, 1972 

Alievium nodnlosntn Dumitrica, 1997 
(Fig. 8K) 

Alievium nodulosum Dumitrica, 1997: 224, pi. 3, 
fig. 9. 

OCCURRENCE. — Sample KEL 20; on Jurassic- 
Cretaceous boundary. 


Alievium regulare (Wu & Li, 1982) 

(Fig. 8L) 

Praeconotaryomma regulare Wu &c Li, 1982 : 65, pi. 1, 
figs 1,3. 

Alievium belenae — Schaaf 1981: 431, pi. 7, fig. 9; 
(non) pi. JO, lig. 2a-b. - Baumgartner et al. 1995a: 
80, pi. 3228, figs 1,3,4, non 2,5. 

Alievium regulare — Dumitrica 1997: 221, pi. 2, 
figs 12-14; pi, 3 figs 1-3, 5. 

Occurrence. — Samples KEL 2-23; front 
Calpionellid standard zone A subzone 3 to zone C. 

Genus Beats Wu, 1986 
Beats triangulocentmm 
Dumitrica, 1997 
(Fig. 8J) 

Becus triangulocenlmm Dumitrica, 1997: 216, pi. 1, 
figs 8-9; pi. 2, figs 1,2, 4, ?3. ?5, ?6. 

Alievium belenne — Baumgartner ct al. 1995a: 80, 
pi. 3228 {parti, fig- 2, non 1-4 = Alievium regulare , 5 = 
Becus belenae. 

OCCURRENCE. — Samples KEL 16; in Calpionellid 
standard zone B. 

Remarks 

Our specimen differs from BeCus belenae (Schaaf, 
1981) by having three nodes at the center of the 
circle of nodes on each side. It differs front 
B. gnmndtus Wu, 1986 by having twelve nodes 
composing A circle rather than nine. It more clo¬ 
sely resembles B. tricingulocentrum Dumitrica, 
1997 by having twelve nodes making up a circle 
on each face and by having three nodes in the 
central area inside the circle. 

Family SPONCUltlDAE Haeckel, 1862 
Genus Archaeospongopmnum Pessagno, 1973 

Arcbaeospongoprnnnm patricki 
Jud, 1994 
(Fig. 7C) 

Archaeospongopmnum patricki Jud, 1994: 63, pi. 4, 
figs 2-4. - Baumgarmer et. al. 1995a: 110, pi. 5042, 
figs l(H)-4. - Dumitrica et al. 1997: 21, pi. 2, fig. 3. 

Occurrence. — Samples KEL 2-23; from 
Calpionellid standard zone A subzone 3 to C. 
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CONCLUSIONS 

The resolution of radiolarian bioevents increases 
with the fine sampling interval in section KEL 
(15-20 meters) and the stepwise initial occurren¬ 
ce of Cretaceous radiolarian taxa is accentuated. 
This gradual appearance of the taxa is probably 
an artif.icr of selective preservation because taxa 
such as Alitvium regulare, Diceroscitnrnalis dicut- 
nnebanthou Deaiahts diamphiditts , Acneniotyle 
diapborugona , Arrbdeadidyomitra aplariurn, 
Emiluvia pessaguoi, Eantanellium berriastanum, 
and Hsuum raricastatum . among others, appear 
at chronostratigraphically lower levels in other 
European sections (see Baumgartner et al. 1995a) 
than they do in section KEL (Fig. 4). Selective 
preservation, the lack of a sudden change/turn¬ 
over in radiolarian fauna at the Jurassic- 
Cretaceous boundary and only two samples from 
the latest Tithoriiari make the delineation of the 
Jurassic-Cretaceous boundary impossible in sec¬ 
tion KEL at this time. Despite preservational 
problems, a typical Tethyan radiolarian fauna 
consisting of 33 genera and 36 species are illus¬ 
trated from Turkey tor the first time. 
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